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INTRODUCTION. 

In connection with the more special work of cultivating 
trypanosomes various observations bearing upon the life-history 
of Tr. Lewisi and Tr. Brucei have been made. These two forms 
have been widely studied, and their life-cycles in the vertebrate 
host appear to be well known. The transmission of Tr. Lewisi 
from rat to rat by means of insect parasites, and of Tr. Brucei 
from one animal to another by means of the Tsetse fly, has been 
established. What changes the protozoa undergo in these insect 
hosts is an interesting problem which would seem worthy of 
further investigation. The recent paper of Schaudinn 27 in which 
he classifies two intracellular hematozoa as Trypanosomata, as a 
result of having found trypanosome-like stages in the insect host, 
would indicate the existence of an intracellular stage for the gen- 
erally recognized trypanosomes and to call for proof that this 
stage has not been overlooked. Such a paper from so eminent an 
authority is sufficient proof of the uncertainty which still obtains 
in regard to the complete life-history of these organisms.^ Our 
observations do not touch upon this problem, but have been chiefly 
confined to the trypanosome in its mammalian host and in artificial 
culture. It is the purpose of this paper to bring together these 
observations and correlate them with the previous work upon this 
subject. 

CLASSIFICATION. 

Doflein 4 classifies the blood parasite discovered by Lewis 14 

in the wild rat of India as follows: 

Stem, Protozoa. 

Sub-stem, Plasmodroma. 
Class, Mastigophora. 

Sub-class, Flagellata. 

Family, Trypan osomidae. 
Genus, Trypanosoma. 

Species, Trypanosoma (Herpetosoma) Lewisi. 

The generic identity of the rat trypanosome with that of the frog, 
Trypanosoma sanguinis, Gruby, 6 has been established by Laveran 

f Since this paper was written Novy and Mac Neal have reached conclusions, based on 
experiments with pure cultures of bird trypanosomes, which do not uphold the views of 
Schaudinn. The results obtained will probably appear in the next number of this Journal, 
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and Mesnil, 11 so that the specific name Trypanosoma Lewisi may 
be finally accepted for this organism. 

TRYPANOSOMA LEWISI. 

For the study of its life-history there are several excellent 
guides. The pioneer work of Rabinowitsch and Kempner 24 has 
been followed up by Wasielewski and Senn, 23 and by the researches 
of Laveran and Mesnil, 12 and others of less note. 

According to Lewis, this trypanosome is found only in the blood 
of wild rats, Mus decumanus and Mus rufescens. In the blood of 
the former species it occurs in many parts of the world. In India, 
Lewis found 29 per cent, of the wild rats infected with it. Car- 
ter 2 at Bombay found 12 per cent., and Lingard, 15 likewise in 
India, found over 30 per cent, of wild rats infected. Crook- 
shank 3 observed the trypanosome in 25 per cent, of London rats 
examined by him. R. Koch 8 at Daressalam found 10 infected 
rats out of 24 examined (41.7 per cent.). Rabinowitsch and 
Kempner 24 reported 41.8 per cent, at Berlin. At Paris, Laveran 
and Mesnil 12 found it in 2 out of 43 rats examined (4.7 per cent.). 
Voges 28 in South America examined numerous rats with negative 
results. Rouget 26 at Constantine in Algeria failed to find trypan- 
osomes in wild rats. They were found also by Dutton at 
Bathurst, Senegambia; by Calmette at Lille, and by Buard at 
Bordeaux. Francis 5 examined 60 wild rats from different parts 
of Washington, D. C, without finding the parasite. They have 
been found at Philadelphia, Detroit, Lincoln, San Francisco, and 
Manila. Of 107 rats caught in Ann Arbor 5 were found infected 
(4.67 per cent.). 18 These five rats were caught at different times 
in the same barn. Lately another focus of the infection has been 
found here in a certain cellar. It is interesting to note in this con- 
nection that Lewis in his original paper called attention to the 
focal character of the infection. Others seem not to have observed 
this fact. We may conclude from the foregoing that the distri- 
bution of Tr. Lewi si is as wide as that of its host. 

It should be noted, however, that Tr. Lewisi is by no means the 
only trypanosome to be found in the blood of the wild rat. Thus 
in India it is said that the rats harbor the surra trypanosome. 
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This may or may not be true, for the only fact established thus 
far goes to show that the trypanosome present is pathogenic for 
other animals than the rat, in which respect it differs from Tr. 
Lewisi. The possibility remains that several species of trypano- 
somes may be present in the wild rat. No identification can be 
considered as complete without a full study of the morphological, 
structural, pathogenic, and above all the cultural characteristics. 

Trypanosoma Lewisi does not multiply indefinitely in the rat, 
but passes through a short period of multiplication which is fol- 
lowed by a relatively long stage in which the organism persists, 
but without any increase in numbers ; further multiplication tak- 
ing place only in a new host. In a few instances, particularly 
in young animals, multiplication of the parasite continues until 
the death of the rat results. The fact that rats may die of this 
infection was first observed by Wasielewski and by Jtirgens. 7 In 
our first paper 18 we have recorded several deaths from this cause. 
In general, however, the host survives the developmental stage, 
and the trypanosomes then persist in the blood without multiply- 
ing for months, and gradually diminish in number and disappear. 
In one white rat the parasites were still numerous nine months 
after inoculation. This stage corresponds to that met with in 
Texas fever and in human tick fever, where the protozoa may per- 
sist in the blood of the animal for months after its recovery. 

Transmission to a new host can take place by the bites of fleas 
and lice. Kabinowitsch and Kempner 24 report one case of trans- 
mission by fleas. As stated in our first paper (loc. cit.), we have 
frequently observed trypanosomes in the stomach of lice fed upon 
infected white rats. In one instance several such lice were trans- 
ferred to a fresh young rat (February 4, 1904). Positive 
infection resulted, numerous trypanosomes being found in the blood 
after fourteen days and persisting for five weeks. Microscopical 
examination of these lice, living or crushed, frequently reveals the 
parasite, but no stages of development as yet have been made out. 
It seems probable that the louse merely carries the protozoon from 
one animal to the other. 

Experimental inoculation is carried out by injecting infected 
blood intraperitoneally or subcutaneously. Infection usually 
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results in full-grown white rats, and almost invariably in young 
rats. For old rats intraperitoneal injection of a large dose is often 
necessary to produce the desired result. The multiplication at 
the point of injection is of doubtful importance. It is certain 
that the trypanosomes quickly gain entrance to the blood stream, 
and that the real multiplication occurs there. They may be 
readily found in the blood four hours after intraperitoneal injection 
of a large dose, and such individuals resemble in every respect 
the trypanosomes injected. If dividing forms are present in the 
injected material, they continue to divide, and a rich blood 
infection is quickly produced. If, on the other hand, only adult 
trypanosomes are injected, the first dividing forms are found on 
the fourth day, and the cessation of division occurs correspond- 
ingly later. 

In the adult stage (Plate III, Fig. 1) Tr. Lewisi is 27-28 /^ 
long, whip included, and 1 J-2 /a wide. Unlike the dividing forms, 
the whole body takes part in the undulating movement. By the 
Romanowsky method or its various modifications, this stage stains 
much less readily than do the division forms. On comparison, the 
protoplasm stains a much lighter color and the mottling with 
colorless areas is more apparent. The posterior tip in particular 
is often feebly stained. This is in marked contrast to the readiness 
with which the division forms take the dye. In well-stained 
preparations of the adult stage the parasites are all of the same 
type. The length is very constant. 

The smaller chromatin body, which has been designated by 
several names, such as basal body, micronucleus, centrosome, and 
blepharoplast, is situated about 3 or 4 p from the sharp posterior 
tip. It measures 1 /n in length by § fi in width, and is placed 
transversely, extending across the entire width of the cell at this 
point. The flagellum at times appears to originate in this body, 
but the study of more favorable specimens clearly shows an achro- 
matic space between them, as has been pointed out by Laveran 
and Mesnil. That there is an intimate and firm connection, how- 
ever, cannot be doubted, for these structures often remain attached 
together when all the rest of the cell has disintegrated. The 
flagellum extends in a rather smooth curve, along the convex 
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border of the parasite, supporting the undulating membrane, and 
is prolonged about 7 fi beyond the anterior tip of the body as a 
free whip. 

At approximately 11 /x anterior to the blepharoplast is found 
the nucleus; this also is oval in form, measuring 2^/4 by 1-§AS 
with the long axis longitudinal. In structure it presents a chro- 
matin network in a lighter nucleoplasm. At times a grouping of 
the chromatin into twelve chromosomes is apparent. 

After injection into a new host, this adult form is found with- 
out any perceptible change for three days. Whether in every 
case it first enlarges and then divides, or begins division at once 
to form the small type of trypanosome, is not certain, as the large 
and small forms appear in the peripheral blood simultaneously on 
the fourth day. It seems probable, however, that enlargement 
precedes division. This is the case in culture. We may assume 
that the injected trypanosome first enlarges and tends, to some 
extent, to lodge in the internal blood capillaries, whence its 
smaller progeny can more readily escape. Aided by the constant 
high internal temperature, the development of such lodged forms 
would proceed a little more rapidly than in those freely circulat- 
ing in the blood stream. An examination of streak preparations 
of the internal organs of rats at the end of the third day after 
inoculation often shows a larger proportion of developmental 
forms than does the blood, although the number of trypanosomes 
present is not greater than the blood content would account for. 
This has been noticed more particularly in the case of the adrenaL 
But, be that as it may, the fact remains that the large and the 
small forms appear in the peripheral blood of the tail at the same 
time. 

In their pioneer work upon this subject, Rabinowitsch and 
Kempner 24 described three modes of multiplication: longitudinal 
division, transverse division, and segmentation. Wasielewski and 
Senn, 29 by study of living preparations and by employing an 
improved staining method, were able to show that the differences 
in arrangement of nuclei of the dividing cells, which was for the 
former workers a characteristic distinction between longitudinal 
and transverse division, were due to manipulation. Likewise thejr 
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showed conclusively that the characteristic feature of the segmen- 
tation, namely, "that division was initiated only after loss of the 
undulating membrane and flagellum and the rounding up of the 
parasite," did not exist in reality, and that Kabinowitsch and 
Kempner had been deceived by the stain employed. They 
thus established unequal longitudinal division as the only 
method of multiplication of Tr. Lewisi, and showed that apparent 
differences were nonessential variations of this one process. 

Laveran and Mesnil 12 recognized two modes of multiplication: 
unequal longitudinal division (Group a), and rosette formation 
(Group b) — a simultaneous division into several coequal daughter- 
cells, no mother-cell being distinguishable. They were inclined 
to regard this latter as a variety of longitudinal division rather 
than as a segmentation. 

Kabinowitsch and Kempner 25 in a later contribution accept 
Wasielewski and Senn's corrections for the most part, but still 
maintain that the rosette formation is a distinct mode of multipli- 
cation, and that the mother-cell is not to be recognized in such 
rosettes. 

Our observations in regard to the division of Tr. Lewisi are 
similar to those of Wasielewski and Senn. The characteristic 
feature of the Group b of Laveran and Mesnil does not exist in 
reality. Unbroken multiplication rosettes show the mother-cell 
(Plate XIV, Fig. 2), and even when broken up, the division of 
the separate elements continuing, is still essentially unequal, as 
appears, in the same figure. It is only more difficult to dis- 
tinguish between whips which have formed in rapid succession 
than between one of these and the old, full-grown whip. The 
essential inequality is always there, as must follow from the fact, 
as will be shown, that the whip multiplies, not by division, but by 
new formation. 

Beginning then with the adult stage, we may say that the pro- 
toplasmic body increases in length, breadth, and thickness, and 
in staining power (Plate XIII, Fig. 3). The flagellum does not 
elongate, but becomes thicker and more readily stainable. The 
blepharoplast elongates slightly, the nucleus becomes larger and 
less definitely outlined, and its chromatin more loosely arranged, 
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so that often the nucleus is almost concealed by the densely 
staining protoplasm. The blepharoplast and the nucleus approach 
each other. In a living preparation this form is seen as a wide 
stiff spindle drawn along by the rapid vibratory motion of its 
relatively short flagellum. The motion is markedly different from 
that of the adult type. It may be worth noting that the whip, 
though relatively short, is by actual measurement of the same 
length as that of the adult trypanosome. 

Division begins in the blepharoplast and flagellum, less fre- 
quently in the nucleus, and then only in the later stages of infec- 
tion. It is frequently possible to make out the so-called division 
of the flagellum before that of the elongated blepharoplast is 
apparent. The split appears to extend along the whip to about 
its middle, at which point the daughter-whip breaks out to one 
side and is shorter than the other. The flagellum really does 
not split, but the shorter whip grows anew from a base near the 
blepharoplast (Plate XIII, Fig. 3), This fact is often apparent 
in blood stains, and has been proved in the case of Tr. Brucei by 
dissolving away the sheath of the flagella by alkaline sodium 
phosphate, in which case the short new whip is seen free with a 
pointed end, as in Plate XV, Fig. 4. In general the new flagellum 
is in relation with the more posterior of the two separating 
daughter-blepharoplasts. The nucleus divides directly. 

The division of the protoplasm is assisted by the lashing of 
the free flagella. The two resulting cells remain attached longest 
at their posterior tips. Each daughter-cell proceeds to further 
division without waiting to enlarge, for an undetermined number 
of times, and the resulting cells are very small, 10-15 fi in length 
or even smaller. The larger one which retains the old whip 
usually proceeds to its second division more rapidly than the other. 

The small cells which result from these repeated divisions 
(Plate XIV, Fig. 7) possess all the structure of the adult trypano- 
some. The blepharoplast and nucleus lie close together, but rap- 
idly separate as the cell elongates. The undulating membrane is 
a rather rudimentary fold of the outer protoplasm, which elongates 
as the chromatin bodies separate. Various stages in the growth 
of these small forms are seen in Plate XIV, Fig. 3, which also 
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serves to illustrate the variety of size which Tr. Lewisi presents 
during its developmental stage in the rat. 

In culture on blood agar Tr. Lewisi may give rise to much 
smaller forms. Cells with a body-length of 5 or 6/a are common 
(Plate XIV, Fig. 8), and smaller forms, 2 or 3^ in length, have 
been frequently seen. Such cultures after passage through a 
Berkefeld filter still infect rats. 

In the first days of the developmental stage the daughter-cells 
separate as soon as formed, but later, about the sixth to the eighth 
day, they tend to remain attached at their posterior tips while 
continuing to divide, thus forming rosettes of four, eight, sixteen, 
or even more cells. The eight-cell rosettes are quite common (Plate 
XIV, Fig. 2). Their formation is due to the increasing difficulty 
in division, which is associated with a gradually increasing sticki- 
ness of the trypanosome body and indicates a beginning antago- 
nistic action on the part of the host. Finally, about the ninth or 
tenth day, dividing forms are no longer found, the trypanosomes 
assuming the slender form of the adult type. 

At this time occurs a more or less marked agglutination of the 
trypanosomes. The posterior tips become very sticky and readily 
attach themselves to blood corpuscles or to each other. Two try- 
panosomes touching at their posterior tips stick and remain in 
contact in spite of the apparent effort to free themselves. Others 
catch by their posterior tips at or near this junction, and thus 
agglutinations of a hundred or more cells may be formed. In 
some rats all the trypanosomes are gathered into such agglutina- 
tion rosettes at one time. In most cases, however, only a small 
number of the parasites are found agglutinated at any one exam- 
ination. After a day or two the trypanosomes are again single 
and often as numerous as before, but gradually decrease till finally 
after several weeks they disappear entirely. In rare cases this 
agglutination results in the sudden disappearance of all the para- 
sites. The phenomenon may be considered as a peculiar reaction 
of the trypanosomes to an immunity on the part of the host. It 
is less marked in the more susceptible young rats. 

The contact of the two agglutinated trypanosomes is not merely 
at the extreme posterior tips, as described by Laveran and Mesnil, 12 
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but most frequently the tips overlap each other somewhat (as in 
Plate XVI, Fig. 5), resembling the figures which Plimmer and 
Bradford 21 have given as conjugations of TV. Brucei. Changes in 
the smaller chromatin body, which they call the micronucleus, are 
difficult to make out and their interpretation is necessarily doubt- 
ful. At this stage and under high magnification, this body 
always presents a bilobed or hour-glass appearance. In stains of 
blood containing the agglutination rosettes many of the trypano- 
somes are separated in the act of spreading the film. In some 
instances fragmentation of the blepharoplast is distinct and cer- 
tain, two or three chromatin bodies of unequal size being found 
at the posterior tip. We shall return to these problematical obser- 
vations later under the subject of conjugation. 

As stated above, the trypanosomes after agglutination separate 
again, as a rule, and continue single in the blood for some time. 
These adult forms are distinctly different from the dividing forms. 
The constant size, the feeble staining power of the protoplasm, and 
the compact and sharply outlined nucleus are in strong contrast 
with the features presented by the dividing forms and mark this 
as a distinct type of the organism. In the later stages of infec- 
tion this adult type may be found, though rarely, undergoing a 
slow and apparently greatly retarded longitudinal division. We 
have observed this condition as late as the one hundred and tenth 
day of the infection. The trypanosomes in this case are larger 
than the others and contain two nuclei, one anterior to the other. 
They are quite different in appearance from the dividing cells of 
the developmental stage. 

In the final destruction of these trypanosomes Laveran and 
Mesnil assign phagocytosis the chief r6le. By injecting trypano- 
somes into the peritoneal cavity of guinea pigs immunized to this 
organism, and subsequently examining the peritoneal fluid, they 
were able to find various stages of ingestion of the protozoa by 
the leucocytes. We have attempted to confirm this by a similar 
procedure. Instead of a phagocytosis, however, we could find 
evidence only of the immobilization and gradual solution of the 
trypanosomes in the peritoneal fluid. Stains made from time to 
time showed the protoplasm of the parasites paler than before, 
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until finally it seemed to have dissolved. The process appeared 
to be quite analogous to that met with in the well-known Pfeiffer's 
phenomenon. In other words, the trypanosomes disappear as 
the result of the presence and action of cytolytic agents rather 
than by phagocytosis. 

CULTURE OF TRYPANOSOMA LEWISI. 

The development of Tr. Lewisi may be followed a little more closely in 
vitro than in the living host, but the study is complicated by the presence of 
degenerating and dying forms. The difficulty in obtaining good stains offers 
another serious obstacle. The great advantage lies in the fact that the 
changes which take place in the living cell may be watched under the micro- 
scope. The Ranvier slide is the most satisfactory for this purpose, as it gives 
a thin layer between slide and cover, provides some air supply, prevents desicca- 
tion, and may be rendered free from contaminatin g organ isms. Obviously very 
thin cover-glasses should be employed, so as to permit the use of the oil-immer- 
sion objective. The slide and cover-glass are first sterilized by flaming, then a 
ring of vaseline is applied around the outer edge of the circular well. A 
loopful or two of the fresh condensation fluid from a blood-agar tube is then 
placed in the center of the slide, after which a loopful of the culture is added, 
and the whole is covered with the sterile cover-glass. The study of such 
preparations was made in a warm room, kept at a constant temperature of 
30° C. Under these conditions the trypanosomes in the preparations remain 
alive and can be kept under observation for two or three days. 

A tube of the proper blood agar, 18 inoculated with a drop of blood rich 
in adult forms of Tr. Lewisi, is capped and set aside at 30°. From time to 
time a loopful of the condensation fluid is removed for study. Within a few 
hours the trypanosomes are found agglutinated into small bunches of two,, 
four, or more cells, all of which are very actively motile. No further change 
is apparent until the third day. Then dividing forms are found, large and 
small individuals and rosettes of four to one hundred cells. 

In from three to four weeks the culture becomes quite rich, and various 
peculiar forms are met with, particularly round granular bodies of different 
sizes, whose formation may be watched under the microscope. They result 
from the contraction and rounding of an active long form, motion diminishing 
at the same time. Frequently two or more trypanosomes lying near each 
other coalesce to form one large sphere from which a corresponding number of 
whips extend out in various directions and lash feebly for some time. 
Repeated observation of such forms under the microscope has shown that 
they eventually lose all motion. These motionless round bodies might be 
considered as fertilized cysts, or something of that nature, from their 
method of formation, were it not for the negative experiments in cultivation 
and inoculation. Thus, repeated transplantation of different cultures rich in 
these forms, but free from motile trypanosomes, has always failed to produce 
another culture. Again, inoculation of animals with such material has 
yielded equally negative results. They must therefore be considered as dead 
and degenerated forms. 
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After growth for a year or so on artificial media the trypanosome seems 
to adapt itself to the new conditions. Frequently tubes are found in which 
veritable colonies can be seen upon the surface of the blood agar above the 
level of the condensation fluid. These are moist, raised, and glistening white. 
At first they were mistaken for bacterial colonies, but microscopic examina- 
tion showed a mass of active trypanosomes in various stages of growth and 
degeneration. 

CELL-DIVISION OF TR. LEWISI IN CULTURE. 

A Ranvier slide preparation was made by mixing one loopf ul of an actively 
growing culture with two loops of fresh condensation fluid from a blood-agar 
tube, and studied in the warm room at a constant temperature of 30° C. A 
careful survey of the whole slide was first made by means of a mechanical 
stage, and the location of probable divisional forms noted. Division is best 
observed in the small rosettes of four cells. These have practically no pro- 
gressive motion, and yet are simple enough for each cell to be clearly seen 
and followed throughout. After going over the whole slide a certain speci- 
men was selected and kept under constant observation, hasty sketches being 
made from time to time as changes were observed. 

In one experiment a rosette of five cells was selected (Plate I, Fig. 1). 
The cells in this case possessed little motion and were attached together 
loosely at their central tips. Sometimes a cell would appear entirely free for 
a time and later become attached again. All of the changes were slow 
enough to be easily followed, and there was no tendency in the group under 
observation to move any distance. A definite whip could be made out only on 
one cell, the largest. The others appeared to have no whips, or at most a short 
stub. They possessed a slow swaying motion. When observation was begun 
at 8:25 a. m., one cell (Fig. 1 a), was rounded and an indication of a division 
line was already present. A second cell, c, was also somewhat shortened. 
Five minutes later the division line in a was more certain and a transparent 
line had appeared in c. Five minutes later, at 8 : 35 a. m., the two parts of a 
had separated so as to leave no doubt, c was certainly dividing, and another 
cell, d, was growing thicker and shorter. The next five sketches were made 
at intervals of three minutes. At 8:41 a. m. (Fig. 5) the two daughter-cells 
of a were lengthening, c was completely divided, and d showed a faint 
division line. The fourth cell, e, was beginning to shorten and thicken. At 
8 : 55 a. m. (Fig. 9) the three cells, c, d, and e, were all dividing, and the two 
daughter-cells of a had lengthened and become quite actively motile. The 
next sketch (Fig. 10), made fifteen minutes later, at 9:10 a. m., indicates the 
altered position due to their activity. At 9:39 a. m. (Fig. 12) the divisions were 
completed, and the rosette, now consisting of nine cells, was being actively 
twisted about by the increasing motion of its parts. The motion became so 
confusing that it was impossible to follow any one cell with certainty. Three 
hours later, however, it was possible to count at least twelve — sometimes 
there seemed to be fourteen — cells in the rosette. It appears, therefore, 
from this that in cultures the Tr. Lewisi may divide in an hour and proceed to 
a second division within four hours. Multiplication in the body must be 
more rapid than this, for here we were working with a temperature of only 
30° C, not to mention other unfavorable conditions. 
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The position of the flagella in these rosettes was a puzzle for 
a long time. They are not to be seen on the peripheral ends of 
the cells except in rare cases, and then only in the very small 
rosettes. Rarely they can be seen directed centrally in the 
living preparation, and the peculiar motility of the cells, as if 
they were attached to each other by narrow waving stalks, suggests 
this position. However, the center of a rosette is not distinctly 
seen in the living preparation, and one cannot be certain that the 
whips are there. Opposed to this is the undoubted fact that the 
dividing rosettes in the living blood have their flagella on the 
periphery. To settle this point it was necessary to stain the 
whips, which was accomplished by the use of strong Roma- 
no wsky-Nocht mixtures. 19 The resulting preparations are some- 
what dirty in appearance, but they show conclusively that the 
whips are central in direction (Plate XIV, Fig. 4). The nucleus 
and blepharoplast are seen close together near the center of the 
cell. The flagellum is heavily stained and extends from near the 
smaller chromatin body toward the center of the rosette, where 
it is attached to the whips of the other cells.* We may consider 
such a mass to arise by- successive divisions of a single cell, the 
new flagellum remaining attached to or entangled with the old, 
while the cell-body has completely divided. It is interesting to 
note in this connection that Schaudinn 27 has observed rosettes 
with centrally directed whips in the mosquitoes infected with the 
halteridium, Hemoproteus noctuce. These he interpreted as 
agglutinations . 

The cell-division is not exactly equal. One daughter-cell 
always projects slightly beyond the other during division, and 
when they have separated there is a difference in size — often 
very slight, however. This inequality is best seen in a single 
dividing cell which has become caught in some way. Such a cell 
which was found adhering to the cover-glass in a Ranvier prep- 
aration, with only its whip free and moving, was carefully 
watched. When first observed, the cell-body was oval in form 
and measured 9 by ^\ fi. It shortened a little more, and in the 

*In the recent publication of Laveran and Mesnil (Trypanosomes et Trypanosomiases, 
Paris, June, 1904, p. 77), which appeared since this paper was written, the authors describe 
and illustrate this rosette formation. 
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course of fifteen minutes a second short whip was observed at the 
base of the old one, and a division line was apparent in the ante- 
rior half of the body. Here on account of the fixed position of 
the object the inequality of the two daughter-cells was easily seen. 
Moreover, it is a fact that the difference in size is really more 
marked in the case of a dividing large free cell than is the case 
for the smaller cells composing a rosette. After another thirty 
minutes' observation the division was completed except for the 
attachment at the posterior tips. 

Attempts to carry out similar observations upon dividing forms 
taken from the living host have failed. The change from living 
blood to blood-agar condensation fluid under a cover-glass put a 
sudden stop to all division. Cells caught in the very act of divi- 
sion made no visible progress, although the preparations remained 
alive for two days. Jurgens, 7 however, appears to have demon- 
strated that there is an actual increase in numbers in cover-glass 
preparations. 

TRYPANOSOMA BRUCEI. 

The etiological factor in the Tsetse-fly disease or Nagana of 
Africa was discovered in 1895 by Bruce 1 in Zululand. He con- 
sidered the parasite as either identical with or closely resembling 
that observed by Evans in India. Kanthack, Durham, and 
Blandford 9 in their report upon this disease give a preliminary 
description of the protozoon. Plimmer and Bradford 20 in their 
preliminary note named the organism Trypanosoma Brucei. 
They outlined a very complicated life-history, including conjuga- 
tion, formation of amoeboid bodies, etc., besides multiplication by 
longitudinal and transverse fission. Laveran and Mesnil 10 first 
clearly recognized the longitudinal division of the parasite and 
established it as the only method of multiplication in the mam- 
malian host. They 13 regard the conjugation described by Plimmer 
and Bradford as merely an agglutination phenomenon, and failed 
to find such agglutination in freshly drawn Nagana blood, but 
only after it had been some time out of the body. When the 
trypanosome blood was mixed with physiological salt solution 
faintly acidulated with acetic acid, they observed the rapid for- 
mation of agglutinations and their disintegration into granular 
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dead material. On the other hand, weak solution of soda pre- 
vented agglutination. Plimmer and Bradford 21 in a later report 
confirm the division process as described by the French workers, 
abandon their transverse division, but still cling to their plasmodial 
and amoeboid types. In this later paper they also describe and 
figure two special types of the organism — the large hyaline try.-, 
panosome, with feebly staining protoplasm and sharply outlined 
nucleus (Plate XVII, Fig. 2), and the very granular type with its 
protoplasm full of deeply staining granules (Plate XVII, Fig. 1). 
All these investigators used trypanosomes descended from those 
brought to England from Zululand in a living dog by Dr. Wag- 
horn in 1896. 

Martini 17 found Tr.Brucei in the blood of a Barba pony brought 
from Togo to the zoological garden at Berlin. Employing this 
material, he has confirmed the multiplication stages described by 
Laveran and Mesnil. 

The virus which we have employed was obtained by Dr. Novy 
through the kindness of Dr. Thomas, of the Liverpool School of 
Tropical Medicine, and is the same as that used by the English 
and French workers. It has served for the cultivation experi- 
ments elsewhere described. 19 

In rats and mice this parasite produces death in from two to ten 
days, according to the amount of infective material injected. 
Development appears to proceed uninterruptedly, as a rule, from 
the time of inoculation until the blood is literally swarming with 
the protozoa, when death occurs. Sometimes there is an inter- 
ruption to the progress of the disease. The rat, rarely the mouse, 
sometimes acquires a resistance, and the parasites actually decrease 
in number. This is only temporary, however; the vigorous mul- 
tiplication soon returns and death invariably results. In these 
cases the disease is somewhat longer, lasting twelve to fifteen 
days. 

In guinea pigs and rabbits the resistance is usually more 
marked. The parasites may become very numerous, and then 
diminish until the microscope no longer reveals their presence for 
long periods. They may thus increase and diminish in number 
several times. However, death always finally results. Our 
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guinea pigs have died in from ten to sixty days, rabbits in from 
twenty to forty days. 

We have observed only one type of multiplication, unequal 
longitudinal division. There is a preliminary enlargement, so 
that the dividing cell is both longer and thicker than the average. 
The division process begins in the blepharoplast and flagellum, 
being apparent first in the latter, as a rule. The division of Tr. 
Brucei is essentially the same as that of Tr. Lewisi. The great 
apparent difference is due to three things. First, Tr. Brucei is con- 
tinually dividing, growth and multiplication going hand in hand; 
as soon as a cell gets a little larger than the average it divides 
into two. In the rat trypanosome, on the other hand, the cell 
grows very large before division is initiated. Then successive 
divisions take place rapidly, growth fails to keep pace, and hence 
very small forms result. Second, the Nagana parasite does not 
shorten and lose its motion during division to any such extent as 
is seen in the rat parasite. Lastly, there is no sticking together 
of the daughter-cells to form multiplication rosettes of Tr. Brucei. 

As to whether the flagellum really splits into two, for part or 
the whole of its length, or the new whip just grows out with its 
peripheral end closely applied to the old one, is hard to decide 
from the ordinary preparations. In stains of Nagana blood it 
appears actually to split, the forking of the old flagellum being 
very distinct. According to Laveran and Mesnil, 10 the whip splits 
to the end of the undulating membrane and at times throughout 
its whole length. During the course of a series of experiments to 
test the effect of various salt solutions upon Tr. Brucei certain 
observations were made which throw an important light upon this 
question. One-fourth of a cubic centimeter of a molecular solu- 
tion of the normal sodium phosphate was added to 0.75 c.c. of 
defibrinated rabbit's blood. To this mixture a drop of freshly 
drawn defibrinated rat blood rich in Tr. Brucei was added. After 
five minutes, microscopic examination showed many trypanosomes 
with the actively motile whips separated from the body except for 
their attachment near the blepharoplast. At the end of thirty 
minutes stained preparations were made, and it is in these that 
the true relations of the new whip formation seem to have been 
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found. The alkaline phosphate dissolves away the undulating 
membrane which sheathes the flagellum, and this is then set free. 
The early stages of division in which the flagellum appears to be 
branched near the blepharoplast, present in these preparations 
two entirely separate flagella, one of which is very short with a 
tapering tip (Plate XV, Fig. 4). It would seem, therefore, that the 
division of the old whip is apparent and not real, and that its sheath 
forms a path of least resistance for the new whip to grow out into 
The new flagellum is formed entirely anew from the blepharoplast, 
and not by a division of the original whip, as has been heretofore 
supposed. This corresponds to the observations w T hich have been 
made on the flagellum formation in the case of Tr. Lewisi. 

As the new flagellum grows the blepharoplasts separate, the 
one in relation with it moving posterior to the other, as if the 
active whip growth pushed its base backward and its tip forward 
at the same time. The indefinitely outlined nucleus divides 
directly into anterior and posterior portions. The separation of 
the flagella from each other produces two undulating membranes 
which unite at the point of contact of the whips. As this point 
is pushed farther forward, the two undulating membranes come 
to occupy the opposite lateral borders of the cell, and a lighter 
line of thinner protoplasm appears running down the middle 
between them (Plate XV, Fig. 2). Such cells are often seen in 
the living preparation. The final division of the protoplasm 
takes place along this lighter line in such a way that the posterior 
tip of the mother-cell goes with the new whip and the greater 
part of the anterior protoplasm with the old whip. As the con- 
necting band between the daughter-cells weakens they tend to 
slip on each other, the posterior one becoming more posterior, and 
in this way the cells separate from each other, the complete 
division being facilitated by the actively motile flagella.. 

Multiple divisions are not uncommon, three blepharoplasts, 
whips, and nuclei being present in one large cell at the same time. 
Simultaneous division into four is rare. As a rule, the daughter- 
cells separate and enlarge before dividing again, so that there is 
not the remarkable difference in size seen in the case of Tr. 
Lewisi. 
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When the protozoa are numerous in the blood three, more or 
less distinct, types can be recognized by the variation in the 
amount of granulation. The first or ordinary type presents a 
narrow body with a large elongated oval nucleus occupying the 
whole width of the body. The outline of the nucleus is indefinite. 
The protoplasm stains deeply and contains granules which stain 
like the nucleus or somewhat darker. These are found in the 
protoplasm anterior to the nucleus, few posterior to it. 

Far less numerous are the larger faintly staining forms (Plate 
XVII, Fig. 2). In these the protoplasm is free from granules and 
stains a clear pale blue. The nuclei are compact, round, sharply 
outlined, and do not occupy the whole width of the cell. In staining 
character they bear a suggestive resemblance to the rat trypano- 
somes undergoing solution in the peritoneal fluid of the immunized 
guinea pig. If stained preparations are made from the blood of 
a Nagana mouse at intervals before and after death, the stages of 
disintegration of the protozoa may be studied. The nucleus of 
the trypanosome, dying under these conditions, becomes spherical ; 
its protoplasm becomes progressively more feebly staining, and 
finally dissolves, leaving the round nucleus by the side of the 
flagellum. The blepharoplast remains attached to the latter. 
From this it would seem that the large hyaline forms of Plimmer 
and Bradford are really dying and dissolving in the living 
blood. 

The third or very granular type is somewhat more rare, as a 
rule. Plimmer and Bradford at first considered them to be 
trypanosomes which had just completed the act of conjugation, 
but in their later paper they are inclined to question the correct- 
ness of this view. Thus far there is no very definite evidence in 
regard to their origin or meaning. It seems probable that some 
of them are degenerating forms as somewhat similar cells are 
found in old, dying cultures. 

Although not so marked as in the case of Tr. Lewisi, yet 
agglutination of the Nagana trypanosome does occur. Collections 
of from two to five cells are readily found in the freshly drawn 
blood of the unusually resistant rats previously mentioned, this 
phenomenon being associated with a diminution in the number of 
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parasites present. A similar agglutination is also associated with 
the reduction in number of the parasites in guinea pigs. 

Outside the body, agglutinations readily form, and this tend- 
ency is much increased by the presence of acids or acid salts. 
Laveran and Mesnil noted the marked effect of minute additions 
of acetic acid. Similar results are obtained with sodium hydro- 
gen sulphate and sodium metaphosphate. Stained preparations 
of agglutinated material show peculiar changes in the attached 
posterior ends of the trypanosomes, especially interesting being 
the appearance of the blepharoplast. These will be discussed 
later under the head of conjugation. 

CULTURE OF TR. BRUOEI. 

The Nagana parasite may be grown in vitro by a procedure analogous to 
that used for the rat trypanosome. 18 The results obtained have been pub- 
lished in two papers. 19 A somewhat detailed discussion of the proper medium 
was given at the last meeting of the Michigan Academy of Science. 16 In 
general, it may be said that the Nagana trypanosome is more exacting in its 
requirements, and that its cultivation is more difficult than in the case of 
the rat parasite. For isolation from the living animal a nutrient agar of the 
following composition is prepared : 

Extractives of 125 g. chopped beef in distilled water 1000 c.c. 
Agar ---------- 20 g. 

Pepton - - - - - 20 g. 

Common salt -------- 5 g. 

Normal solution Na 2 C0 3 10 c.c. 

The agar thus prepared is distributed into tubes or small Erlenmeyer 
flasks and sterilized in the autoclave. To one volume of the sterile melted 
agar, cooled to about 60° C, two volumes of naturally sterile defibrinated 
rabbit's blood are added, thoroughly mixed, and allowed to solidify.. Tubes 
are allowed to solidify in the inclined position ; flasks upright. Into the 
small amount of liquid which collects upon the surface of the blood agar, 
pure Nagana blood is inoculated, and here development takes place. 

Examination in a few hours will show many small agglutinations of from 
two to six cells, many trypanosomes, however, remaining single. Careful 
daily microscopic examinations for the next fifteen days may show various 
forms and changes leading to the death of the trypanosomes. The formation 
of round bodies, the mis en-boules of Laveran and Mesnil, may be readily 
followed. The body of a trypanosome contracts into a spherical mass with 
its whip extending out and retaining a feeble motion for some time. Fre- 
quently two or more cells lying near each other are seen to coalesce into a 
large sphere with a corresponding number of whips. That these are death 
changes is indicated by the failure of such round bodies to infect animals or 
to give rise to another culture when transplanted to fresh medium. There 
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is a steady diminution in the number of protozoa until about the tenth to 
fifteenth day, when it is often an endless search to find one under the micro- 
scope. The disappearance may be final and the attempted culture a failure. 
In many cases they reappear between the twentieth and thirtieth day, and 
pan then be successfully transplanted. In the most favorable first genera- 
tions the trypanosomes can easily be found microscopically and an increase 
in number is then apparent as early as the tenth day. Transplantation from 
the first generation has been successful when made as early as the fourteenth 
day and as late as the fifty-second day. After an active multiplication of 
from four to fifteen days the number again diminishes, and the protozoa 
disappear finally at about the fiftieth day, often earlier. 

For the succeeding cultures inoculated from this first generation, a blood 
agar with four times as much meat extractives is employed. Upon this the 
growth is more rapid and abundant, although subsequent degeneration and 
death is also hastened. The transplantation is performed by transferring a 
drop of the condensation fluid by means of a sterile Pasteur pipette. The 
cultures may be grown at room temperature, but a constant temperature of 
25° C. is more satisfactory. 

DIVISION OF TR. BRUOEI. 

Ranvier slide preparations of a growing culture of Tr. Brucei were made 
and studied in the warm room in the same way as in the case of the rat 
trypanosome culture. Here the study was more difficult, this trypanosome 
being much more sensitive and readily ceasing all activity under the condi- 
tions necessary for the experiment. The small rosettes, which in the case of 
Tr. Lewisi are quiet enough for observation, are here so active that the slide 
must be continually moved to follow them. The preliminary shortening of 
the cell before division is not apparent, and for that reason it is more difficult 
to select suitable cells for observation. It was necessary to select a cell, 
largely at random, and to watch it continuously for any change. Naturally, 
large cells might be expected to divide sooner than small ones. As the result 
of a week spent in the warm room cell-division was twice observed, once in a 
cell of a small actively traveling rosette, and once in a large single cell 
attached by its posterior tip to a mass of blood corpuscles. 

A slide preparation of an actively growing culture was made at 8 : 55 a. m. 
After going over the whole preparation, using the mechanical stage, a rosette 
of three cells was selected as the most promising, because one of the cells 
composing it was somewhat larger than either of the others. The large cell, 
a, was overlapped for its posterior one- third by the posterior end of cell 6, 
the whips extending free in opposite directions. Cell c was wound spirally 
around the junction of a and b, its whip extending laterally. The large cell 
by its active whip overcame the exertions of cell b in the other direction, so 
that the whole rosette traveled constantly in its direction ; the third cell, c, 
by its position produced a constant spiral rotation of the rosette. Observa- 
tion was begun at 9:41 a. m. At 2 p. m. a second whip was seen on cell a, 
very short and close to the old one, although its presence was not certain. 
At 3 p. m. there was no longer any doubt. A new whip was there and very 
active. In another half-hour it was much larger and the division had 
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extended into the cell-body for some distance. The split progressed some- 
what farther, but at 4:30 p.m. the motility decreased, and the outlines 
between the cells became indistinct, and at 5 p. m. all three cells had 
coalesced into one spherical body, one of the whips, that belonging to cell 
b, still retaining slight activity. 

The second observation of division was made upon a single cell (Plate II, 
Fig. 1). The slide was prepared at 9 : 30 a. m. The cell was selected on 
account of its large size and relatively fixed position, and the observation 
was begun at 10 : 30 a. m. It was then an unusually thick cell with a long 
cylindrical posterior tip and a very active flagellum. By its posterior tip it 
was attached to a mass of blood corpuscles, so there was no progressive 
motion. The cell is represented in Plate II, Fig. 1. At 6 p. m. a second whip 
seemed at times to be present on one side of the cell, and at 8 : 55 p. m. its 
presence was no longer in doubt (Fig. 2). At 8 : 52 the next morning this whip 
was longer, and the division of the cell-body could be indefinitely made out by 
focusing (Fig. 3). An hour later the outline of two cells was distinct and 
certain, the smaller one lying beneath and anterior to the larger. Both were 
very active. From the large size of the upper cell a second division was 
expected to occur soon. The specimen was therefore kept under observation, 
but all activity ceased at 6 p.m. 

A careful examination of the rosettes of Tr. Brucei in culture 
shows them to be made up of cells stuck together in this relation 
— that is, by their adjacent sides — one cell being slipped forward 
on the other, as it were. We can conceive therefore, of the 
rosettes arising by consecutive divisions of this kind. In these 
rosettes the whips are directed outward, in marked contrast to the 
culture rosettes of Tr. Lewisi. This fact, it may be well to note, 
corresponds to Schaudinn's observation on the life-cycle of the 
"leucocytozoon," in which case the trypanosomes which develop 
in the gut of the mosquito often agglutinate with their whips 
directed outward. 

THE TOXIN OF TR. BRUCEI. 

Kanthack, Durham, and Blandford 9 showed that the blood 
serum from which the abundant trypanosomes had been removed by 
filtration had no specific toxic effect, and that enormous doses of 
blood swarming with the protozoa produced no immediate symp- 
toms. Rich Nagana blood kept for several days until the protozoa h ad 
disappeared from it was likewise without toxic effect. From these 
and other similar experiments they regard the blood as free from 
specific poison. The successful cultivation of this organism 
opened up a new way in which to attack this problem. Cultures 



538 Ward J. Mac Neal 

which have developed at 25° C. may be readily deprived of living 
trypanosomes by exposure for five days to a temperature of 34° C. 
The whole condensation fluid from four flasks (| c.c.) treated in 
this manner was injected into the peritoneal cavity of a white 
mouse weighing 22 g., without any apparent ill effect. Another 
mouse of about the same size was injected with ^ c.c. of the con- 
densation fluid from four flasks grown at 25° for fifteen days, and 
then exposed to 34° for two days. This material still contained 
actively motile trypanosomes. The animal survived, and when 
inoculated three weeks later with virulent Nagana blood died in 
six days. These experiments indicate that Tr. Brucei produces no 
powerful stable toxin. 

In the course of some attempts to immunize guinea pigs to 
this disease we have obtained some evidence of the probable 
presence of a toxin. The first two or three subcutaneous injec- 
tions of attenuated cultures have little local effect. A rise in 
temperature and a loss in weight are observed. After several 
protective inoculations the quickness of reaction on the part of 
the animal is increased. The temperature rises within a few 
hours after the injection, the animal shows signs of pain at the 
point of inoculation, and often lies down. After a few days a 
hard eschar forms at this point. This dries and sloughs off after 
a week or two, and the resulting ulcer heals with scar formation, 
after which the animal entirely recovers. Subsequent injections 
produce similar effects. The more or less complete general 
immunity is then an important factor in this intense local poison- 
ing, and seems to indicate that the toxin becomes active upon the 
destruction of the trypanosome cells in the body of the living host. 

CONJUGATION. 

In a recent publication Prowazek 22 announces in a few lines 
the observation of conjugation in Tr. Brucei without giving any 
definite description of the process. Reviewing the question of a 
sexual process among flagellates in a later publication, he 23 points 
out the lack of information on this point. Regarding as conjuga- 
tion only those fertilization processes in which two cells take part, 
the positive cases are few indeed. 

Schaudinn 27 describes macrogamete and microgamete forms of 
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the halteridium, Hemoprotens noctuce, which he reclassifies as a 
trypanosoma, and the union of these forms to produce an ookinete. 
Whether this protozoon is properly classified as a trypanosome 
may well be questioned. At any rate, nothing corresponding to his 
macrogametes and microgametes or to their precursors, the game- 
tocytes, has ever been described in the cycles of such well-known 
and representative forms as Tr. Lswisi and Tr. Brucei, 

The conjugation described by Plimmer and Bradford has been 
regarded as erroneous by the continental workers, and the idea 
that the smaller chromatin body is merely a base for the flagellum 
seems to be the most widely accepted view at the present time. 
However, the observations of Plimmer and Bradford of changes 
in this body during the so-called agglutination of the trypano- 
somes are readily confirmed. Stained preparations made of the 
tail blood of a mouse in a dying condition were found to be 
particularly rich in these couples. The contact is not merely at 
the extreme tips, but there is an overlapping of the two ends, and 
very often such intimate contact that most careful examination at 
a magnification of three thousand diameters fails to find any line 
of separation. There appears to be complete fusion and continuity 
of protoplasm between the cells. One naturally looks carefully 
for signs of unusual activity on the part of the smaller chromatin 
body under these circumstances. These bodies frequently lie 
very close together in these couples, sometimes in such intimate 
relation that they appear as one body under the greatest magnifi- 
cation. In other cases the two bodies lie close to each other and 
appear to be connected by a lighter band, as in Plate XVI, Fig. 3. 
Again a tetrad of four blepharoplasts may be found at the junc- 
tion, and it is impossible to determine to which cell they may 
belong (Plate XVI, Fig. 4). Such double trypanosomes are so 
numerous in the blood of the dying mouse that often three or four 
of them are to be found in every field of the microscope. They 
would seem to indicate an actual conjugation effected by changes 
in the blepharoplast or micronucleus, as Plimmer and Bradford 
call it. It is impossible to be certain of such a process merely 
from study of stained preparations, however. The question 
appears worthy of further study. 
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In the rat trypanosome the blepharoplast usually has a bilobed 
appearance in stains made from blood containing agglutinations. 
Rarely actual fragmentation of this body into equal portions is 
seen. Exchange of material from one cell to another has not been 
demonstrated. 

CONCLUSIONS. 

1. The division of trypanosomes is not exactly longitudinal, but 
always more or less oblique in direction. The whip does not 
divide, but a new one is formed in each division. There is only 
one type of division in the mammalian host and in cultures on 
blood agar. The process has been observed throughout under 
the microscope in the case of Tr. Lewisi and Tr. Brucei. 

2. The destruction of trypanosomes in the blood is due to a 
cytolytic action of the blood plasma rather than to actual phago- 
cytosis. The solution of Tr. Brucei in the later stages of Nagana 
probably sets free the toxin, aud thus produces the characteristic 
symptoms and death. This accounts for the remarkable fact that 
in some cases the blood may be swarming with the protozoa with- 
out marked symptoms on the part of the host, and again another 
animal may die from the effects of relatively few trypanosomes in 
the blood. Human trypanosomiasis is an example of the latter 
class. 

3. The culture rosettes of Tr. Lewisi have their flagella directed 
centrally, while those of Tr. Brucei are more irregular, but as a 
rule the whips are on the periphery. 

4. The agglutination of trypanosomes is often associated with 
changes in the smaller chromatin body, suggesting an isogamic 
conjugation. 

This work has been supported by the grant of a Fellowship in 
the Rockefeller Institute for Medical Research. It has enjoyed the 
constant direction and tireless supervision of Professor Novy, who 
has been the mind and spirit of the investigations. I appreciate 
it a high honor to be allowed to express my indebtedness to him. 
I am also indebted to Dr. J. F. Eastwood for assistance in the 
preparation of the photomicrographs, and to Professor Huber for 
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EXPLANATION OF PLATES XI-XVII. 
Plate XL — Division of Tr. Lewisi in Culture. 

Fig. 1. — Culture rosette; living preparation on Ranvier slide; at 8:25 a.m. 

Fig. 2. — Same at 8:30 a. m. Two cells are in process of division. 

Fig. 3. — 8:35 a. m.: Cell a has divided, d is beginning to shorten. 

Fig. 4. — 8:38 a. m.: Cell d is shortening rapidly. 

Fig. 5.— Sketched at 8:41 a.m. 

Fig. 6. — 8:44a.m.: The daughter-cells of a have elongated and become 
actively motile. The flagella are not definitely seen. 

Fig. 7. — 8:47 a. m.: Cell e is shortening. 

Fig. 8. — 8:50 a. m.: Cell b has become motionless and evidently dead. 

Fig. 9. — 8:55 a. m.: Three of the cells are in process of division. 

Fig. 10. — 9:10 a. m.: The increasing motility of the lengthening cells has 
altered the relative positions of the cells. 

Fig. 11. — 9:28 a. m.: The motility of the rosette is increasing. Cell b con- 
tinues motionless. 

Fig. 12. — 9:39 a.m.: All the daughter-cells have elongated and become 
active, measuring now about 10 //. in length. 

Magnified about 1,400 diameters. 

Plate XII. — Division of Tr. Brucei in Culture. 
Fig. 1. — 10:30 a. m.: A large cell fixed by its posteiior tip. 
Fig. 2. — 8:55 p. m.: A second whip has formed. 

Fig. 3. — Next day 8:52 a.m.: The new whip is larger and more active. 
Division of the protoplasm is apparent on focusing. 

Fig. 4. — 10 a. m.: Complete division can be made out by focusing. 
Magnified about 2,000 diameters. 

Plate XIII. — Tr. Lewisi. 

The microphotographs were all taken, with exception of Fig. 3, Plate XIV, 
at a magnification of 3,000 diameters, and the reproductions are about three- 
fourths of the original size. 

Fig. 1. — Tr. Lewisi, adult stage; blood of rat fifteen days after inocula- 
tion. 

Fig. 2.— Anomalous form frequently found during the developmental 
stage; in blood of a rat, six days after inoculation.. 

Fig. 3.— Cell enlarged preparatory to division; a new whip beginning to 
grow out from its base near the blepharoplast, the latter not yet divided. 

Fig. 4. — Later stage, two distinct whips, blepharoplasts and nuclei, two 
more whips forming from the elongated blepharoplasts. 

Plate XIV. — Tr. Lewisi. 

Fig. 1. — Four-cell stage, each cell in process of further division. This 
specimen has been crushed in spreading so as to destroy the outlines of the 
cells, a common occurrence. 

Fig. 2. — Eight-cell rosette. Note the long original or parent whip on one 
of the cells. Several of them show a second whip growing out preparatory 
to a further division. 
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Pig. 3. — Different stages in the growth of the small to the large, dividing 
form, in rat blood six days after inoculation. X 1,500, but reduced three- 
fourths. 

Fig. 4. — Rosette of Tr. Lewisi in culture on blood agar. Note the central 
direction of the flagella. 

Plate XV.— Tr. Brucei. 

Fig. 1. — Large and small form. The small cell is the product of a recent 
division; the large one is preparing to divide. 

Fig. 2.— Division into two. Note the projection of one cell posterior to 
the other. A third whip is forming. 

Fig. 3.— Later stage, one cell about to separate. 

Fig. 4. — Early stage of division showing independent growth of the new 
whip. The undulating membrane has been dissolved away by alkaline 
phosphate solution. 

Plate XVI.— Tr. Brucei. 

Fig. 1. — Agglutination of two similar trypansomes. 

Fig. 2. — Two cells in intimate contact with only one blepharoplast to be 
made out. Conjugation ? 

Fig. 3. — Another couple showing the blepharoplasts apparently connected 
by a chromatin band. 

Fig. 4. — A couple with four of the smaller chromatin bodies. 

Plate XVII.— Tr. Brucei. 

Fig. 1. — One kind of the granular form. The nucleus is completely 
fragmented. Note the long body and relatively short flagellum. 

Fig. 2. — Large hyaline trypanosome much less deeply stained than the 
ordinary type. The nucleus is round. 



